Recently, First Nation (FN) organizations have entered into agreements with federal and provincial government representatives to remediate radar-line sites in Ontario. These agreements stipulated that FN people would take part in the site delineation and remediation process to gain job experience and economic benefits. One important aspect of the process was protecting FN personnel from contaminant exposure and thus, from potential negative health outcomes associated with the cleanup work itself. In this paper, we describe the safety precautions used by FN workers preparing Mid-Canada Radar Line (MCRL) Site 050 for Phase 2 of the delineation process and the health monitoring protocol that was tested. We measured concentrations of total polychlorinated biphenyls (PCBs as Aroclor 1260), 14 individual PCB congeners, p,p'-DDT, p,p'-DDE, nine other organochlorine pesticides, and lead in the blood of Fort Albany FN workers before they started work at Site 050 and approximately a week before they completed their three-month work period in the contaminated zone. No significant differences were found in the paired samples. These results indicate that the safety precautions taken were adequate for the work and the site in question. The monitoring protocol discussed here may be used as a template and modified to meet the specific needs of other projects. The results of this study are important because other Aboriginal groups have entered or will be entering into agreements with government organizations for the remediation of other MCRL sites in Ontario and across Canada.
INTRODUCTION
During the 1950s, radar stations were built in North America in response to the threat of a nuclear attack from the Russian Arctic region (Huebert, 2000; Myers and Munton, 2000) . Three series of manned and unmanned radar-line stations were built: the Pinetree Line, a joint CanadianAmerican effort, at approximately the 49th parallel; the Mid-Canada Radar Line (MCRL) or McGill Fence, a solely Canadian project, at the 55th parallel; and the Distant Early Warning (DEW) Line, a primarily American undertaking, at the 70th parallel (Huebert, 2000; Myers and Munton, 2000) . The 98 MCRL sites were in operation until 1965, when they were deemed redundant for both strategic and economic reasons (ESG, 1999a; Thorne, 2003) . After closure, the MCRL stations in the Subarctic were not properly decommissioned (Gibson, 1993) . Other radar-line sites have been point sources of contaminants (especially PCBs and lead) in the Canadian North (Bright et al., 1995a, b, c; Dushenko et al., 1996; ESG, 1999a; Poland et al., 2001) . In 1997, representatives of the Canadian federal government, the Government of Ontario, and the First Nations (FNs) of the western James Bay region (northern Ontario) entered into a partnership to investigate the MCRL sites in Ontario and make recommendations for remediation of these sites if required (ESG, 1999b) .
One objective of the MCRL remediation process in Ontario was for "First Nations in the area [to] capture a reasonable share [of] the business and training opportunities associated with the clean-up" (Hunter, 1998:3) . Consultation was held with both FN political leaders and communities, and there was a consensus among FNs that they would like to be involved in the delineation and remediation process through employment and training opportunities (ESG, 1999a) . Indeed, the Memorandum of Understanding (MOU) between Fort Albany FN (regarding Site 050, the first MCRL site scheduled for remediation) and the Ontario Ministry of Natural Resources (OMNR) stated specifically that all tender responses must address the issue of local FN hiring (OMNR, 2000) . Health protection was also mentioned by the Canadian Department of Defence (Downs, 1999) with respect to ensuring that no detrimental health effects would be associated with the cleanup work itself.
Initial delineation of MCRL Site 050 revealed extremely high concentrations of polychlorinated biphenyls (PCBs): up to 21 000 ppm in soil and up to 550 ppm in vascular plants. Environmental media containing PCB concentrations higher than 50 ppm are considered hazardous waste (ESG, 1999a) . Lead is another major contaminant that has been detected at levels of concern (39 700 ppm in paint) at Site 050. Other relatively minor contaminants that have been identified at MCRL sites in Ontario include the pesticides DDT, dieldrin, chlordane, and heptachlor (ESG, 1999a) .
PCBs are mixtures of a possible 209 congeners that differ in their degree of chlorination and stereochemical structure (Skerfving et al., 1994) . PCBs are readily absorbed through the gastrointestinal system, and skin and lung absorption are other routes of exposure. Once in the body, PCBs are widely distributed (Skerfving et al., 1994) . In a review of human health effects, James et al. (1993) assert that the only adverse health effects attributable to PCB exposure are dermal: inflammation or edema of skin and eyes, thickening of skin and fingernails, and chloracne (pustules, blackheads, or cysts in malar regions of the face, the scalp, and the back of the neck). Although there has been some evidence that PCBs induce hepatic enzymes (e.g., serum g-glutamyl transpeptidase, known as GGT), the significance of this induction has been questioned because any changes in hepatic enzyme levels were still in the normal range (James et al., 1993) . Moreover, other factors, such as an alcoholic liver and exposure to several therapeutic drugs and drugs of abuse, can cause an increase in GGT (Kimbrough, 1995) . Recently, associations between PCBs in human fluids and negative health outcomes have been reported. These include significant associations between increasing chlorinated hydrocarbons (including PCBs) in blood and immunological and hormonal changes in women (Gerhard et al., 1998) ; a strong, dose-response relationship between serum PCBs and risk of non-Hodgkin's lymphoma (Rothman et al., 1997) ; and a negative association between post-natal exposure to PCBs in milk and cognition in children (Walkowiak et al., 2001) . However, correlation does not necessarily equate with causality; thus, there is a need to elucidate the mechanism(s) of PCB action before the significance of these studies can be assigned (Gerhard et al., 1998; Hansen, 1998) , and numerous researchers dispute the role of PCBs and other organochlorines in cognitive and reproductive health (Safe, 2000; Foster and Holloway, 2003) . Nevertheless, PCBs in Canada were voluntarily removed from open systems (in direct contact with the environment) during the early 1970s, and in 1976, federal legislation restricted all uses, including use in closed systems having no external contact with the environment, and also promulgated disposal procedures for PCBs (Frank et al., 1993; AMAP, 1998) .
By contrast, the detrimental effects of lead have been well characterized (Levin and Goldberg, 2000) . Lead is a toxic metal that can cause detrimental effects to all bodily systems. However, one question is whether there exists a threshold of lead toxicity. Some researchers suggest that there may be no lower limit of medical concern for lead: that is, any uptake of lead is detrimental to human health (Ferber, 2002; Rogan and Ware, 2003) .
It follows that safety measures would be required for any person working in contaminated MCRL sites. For this reason, a two-week course on handling hazardous waste was given by an eastern Canadian consulting company to all Fort Albany FN workers who would be preparing Site 050 for Phase 2 of the delineation process. Phase 1, the initial characterization of the site, included cataloguing physical hazards for later disposal, identifying hazardous materials (e.g., asbestos), and collecting various samples (e.g., soil, vascular plants, paint) originating from the abandoned MCRL site for analysis. Extensive vegetation at Site 050 made it impossible to fully characterize the extent of PCB contamination in the soil and other receptors on the site (e.g., woody plants and their fruit) during Phase 1. Thus, before further investigation could take place, Fort Albany FN workers would have to clear trees and brush from the clean and contaminated areas of Site 050 (ESG, 1999a; G. Iannucci, Fort Albany FN MCRL Project Coordinator, pers. comm. 2004 ). These workers would also build a new chain-link fence in the uncontaminated portion of Site 050 to enclose the contaminated area, as well as two new buildings in the clean area: a decontamination building, with change room and shower, and a 24' × 24' kitchen/lunchroom building for personnel working on the actual remediation of the site (ESG, 1999b; G. Iannucci, pers. comm. 2004) . Test holes for monitoring were also to be dug (ESG, 1999b; G. Iannucci, pers. comm. 2004) .
Safety measures for FN personnel preparing MCRL Site 050 for Phase 2 of delineation included wearing appropriate respirators (AO Safety, PA-55500 respirator, RC-R53HE-P100 cartridge), goggles, gloves, and disposable, full-body suits (North Safety, CT-5005-2X; these throwaway coveralls were changed daily). Workers showered every day and had a separate "clean" change room. In the clean area, street clothes were worn, and no precautions were taken. In the lunchroom, coveralls were removed; clothing was also removed prior to use of the toilets (G. Iannucci, pers. comm. 2004) . Although these safety measures were in place to reduce or eliminate excessive exposure and uptake of contaminants, especially PCBs and lead, a monitoring program was needed to test their efficacy in protecting the workers. Health outcomes sensitive to low-level changes in body burden of PCBs (the main contaminant at Site 050) are generally not well characterized and may be due to confounders. Therefore, a change in a worker's body burden of PCBsmeasured before the start of work on the contaminated site and approximately a week before the end of the threemonth work term-was used as a measure of health protection for the workers. A significant change in body burden of PCBs in a person during this work period would indicate a need to re-examine existing safety measures. For consistency, the same criteria used for PCBs were employed for other contaminants, even though contaminants such as lead have relatively more sensitive and reliable biochemical markers for exposure (e.g., ALAD activity; Lauwerys and Hoet, 2001) .
In this study, we measured concentrations of total PCBs (as Aroclor 1260), 14 PCB congeners, p,p'-DDT, p,p'-DDE, nine other organochlorine pesticides, and lead in Fort Albany FN workers before they began work in the contaminated zone and approximately a week before they completed it to determine whether the safety precautions taken were sufficient to prevent an increase in contaminant body burden over the three-month work period. This information is important in identifying any need to modify existing precautionary methods before the full cleanup of Site 050 (i.e., the removal of hazardous waste for incineration). The methods described here, if shown to be effective, can be used as a template on which to design a workermonitoring program for other Aboriginal organizations that contemplate partnering in the remediation of abandoned radar-line sites or work in any contaminated sites.
MATERIALS AND METHODS

Study Site
Fort Albany FN is located on the west coast of James Bay, Ontario, Canada (52˚15' N, 81˚35' W), on the south shore of the Albany River (Hill, 1999; Tsuji et al., 2001) . Approximately 850 people live in the community, and Cree is still the predominant spoken language (Tsuji et al., 2001 ). The village is located on Sinclair Island, but people also inhabit the mainland and Anderson Island (Tsuji et al., 2001 ; Fig. 1 ). The abandoned MCRL station (Site 050) in the Fort Albany community is located on Anderson Island (ESG, 1999a; Fig. 1 ).
Sample Collection
To monitor the potential change in body burden of contaminants for all FN workers preparing Mid-Canada Radar Line Site 050 for delineation, Phase 2 (June to August 1999; approximately three months of work in the contaminated zone), we collected matched blood samples (before and after exposure on the site) for nine of the workers. Samples were taken before work began on the contaminated site and approximately a week before its completion. Although pre-job blood samples were collected for two additional workers, the end-of-job specimens were not; therefore, these two individuals were not included in the study group. Blood was collected early in the morning, and participants were asked whether they had consumed anything that morning. Participants were told not to eat or drink anything after midnight the day before collection, as non-fasting is known to affect organochlorine levels in humans (Sandanger et al., 2003) . However, diabetic workers were allowed to eat something in the morning as long as the food or drink did not contain lipids. Blood samples for organochlorine analyses were collected in lavender-top, 10 ml glass Vacutainer® tubes containing ethylenediaminetetracetic acid (EDTA; Becton-Dickinson #7665). Blood was gently mixed with the anticoagulant (EDTA) in the Vacutainer tube and then centrifuged at room temperature (at 1000 -1200 xg for 10 minutes). The resultant plasma was then transferred from the Vacutainer tube with solvent-washed polyethylene pipettes to shatterresistant, solvent-washed glass vials. The glass vials were then frozen and stored at -20˚C. Blood samples for lead determination were collected in lavender-top, 6 ml plastic Vacutainer tubes containing EDTA (Becton-Dickinson #7863). The blood samples were gently mixed with the anticoagulant, allowed to cool down at room temperature, then frozen and stored at -20˚C. All plasma and whole blood samples were shipped frozen, in a Styrofoam cooler over frozen gel packs, to the Centre de toxicologie du Québec, Sainte-Foy, Quebec, for analyses.
Sample Analyses
Soil contamination at the MCRL sites in Ontario has been shown to be primarily Aroclor 1260, with little Aroclor 1254 (ESG, 1999b) . Contaminated paint chips have been shown to contain either Aroclor 1260 or Aroclor 1254 (ESG, 1999a) . Plasma concentrations of total PCBs (as Aroclor 1260), 14 individual PCB congeners (28, 52, 99, 101, 105, 118, 128, 138, 153, 156, 170, 180, 183, 187) , p,p'-DDT and its major metabolite p,p'-DDE, and nine other organochlorine pesticides (aldrin, β-BHC, α-chlordane, γ-chlordane, cis-nonachlor, hexachlorobenzene, mirex, oxychlordane, and transnonachlor) were measured. Prior to quantitative determination by gas chromatography, the samples were cleaned up by column chromatography using established methods (AMAP, 1998). Peaks were identified by their relative retention times obtained on dual capillary columns. Detection limits, based on three times the average standard deviation of noise, were 0.02 µg/L for PCB congeners and chlorinated pesticides, 0.04 µg/L for p,p'-DDT and β-BHC, and 0.2 µg/L for total PCB as Aroclor 1260. Total lipids were determined by routine clinical chemistry methods. The Centre de toxicologie du Québec is accredited under ISO 17025 by the Standards Council of Canada; uses suitable calibration standards, intralaboratory control samples, and reference materials; and co-ordinates an interlaboratory quality control program for metals and organochlorines (Weber, 1996) . Percent recoveries of standards were all 95% or higher. Duplicate samples (n = 2) were on average within 5% of original values except for β-BHC; these concentrations were at the limit of quantification and within 12% of the original values.
All lead analyses were determined by electrothermal atomic absorption spectrometry, using state-of-the-art instrumentation (Perkin Elmer model ZL 4100). Samples were simply diluted and injected into the instrument. Matrix matched calibration was performed using reference material from the Institut national de santé publique du Québec/Centre de toxicologie du Québec's interlaboratory comparison program. Routine checks for accuracy and precision also used reference material from this program. Periodic evaluations were performed using outside proficiency testing schemes (e.g., U.S. Centers for Disease Control and Prevention; New York State Department of Health). The detection limit for lead was 10 µg/L, based on three times the average standard deviation of the noise. We interviewed all participants, using a pre-established questionnaire, to obtain data on personal identification, medical history, and lifestyle factors, including the level of consumption of traditional foods, as well as on community demographics. These data would be used, along with PCB congener data, if any significant changes in contaminant body burden of the MCRL workers aroused suspicion that contaminant loads were confounded by aspects of lifestyle.
Statistical Analysis
Organochlorine contaminant data were screened to eliminate from further analyses those samples with no detectable organochlorine concentrations. Statistical analyses were limited to those organochlorines for which all of the samples had levels above the detection limits, namely, total PCBs as Aroclor 1260, ΣDDT (p,p'-DDT + p,p'-DDE), hexachlorobenzene, oxychlordane, and transnonachlor. Samples with no detectable concentrations were recorded for aldrin (100%; i.e., 100% of the samples did not have concentrations above the detection limit), β-BHC (33%), α-chlordane (94%), γ-chlordane (100%), cis-nonachlor (67%) and mirex (22%). There were no cases where an organochlorine compound was not detected originally and then detected in the second paired sample. Organochlorine concentrations were not lipidadjusted because there should be little variation within an individual, especially since the sampling regimen incorporated into this study was designed to minimize variation in blood lipids. Indeed, the second lipid samples taken were on average within 15% of the original values and not significantly different from the first sample (paired t-test: t = -0.615, p = 0.556; Wilcoxon Sign-Rank test: z = -0.479, p = 0.632). For lead, only one sample had no detectable concentration; half the detection limit (i.e., 5 µg/L) was used to replace this value to allow for statistical analyses. Paired t-tests (two-tailed) were performed with respect to each individual for total PCBs as Aroclor 1260, ΣDDT, hexachlorobenzene, oxychlordane, trans-nonachlor, and lead. Data were also analyzed employing Wilcoxon SignRank tests (two-tailed).
RESULTS
Concentrations of contaminants in MCRL workers before and after working in the contaminated site are given in Table 1 . Paired t-tests and Wilcoxon Sign-Rank tests showed a consistent result: no significant changes in the concentrations of contaminants measured in MCRL workers from the first to the second sample (Tables 2, 3 ).
DISCUSSION
The FN MCRL workers performed an important function preparing for Phase 2 of the delineation process by clearing trees and brush from critical areas of Site 050. This work allowed for the completion of the delineation process, which resumed in September 1999 (ESG, 1999b) . Further, the new fence built by these workers enclosed the contaminated area, thereby physically isolating the contaminated area from the community of Fort Albany (ESG, 1999b) . The two new buildings built in the clean area were also important in allowing for the proper decontamination of workers before they left the site. Indeed, the precautionary measures taken to protect the health of the workers were sufficient for the tasks they performed, as it was shown that there was no significant increase in body burden of Aroclor 1260, ΣDDT, hexachlorobenzene, oxychlordane, trans-nonachlor, or Pb in any of the participating workers (Tables 2, 3 ). Air and dust were not monitored for contaminants at this stage of the delineation . Serum samples were analyzed for total PCBs as Aroclor 1260 and eight congeners. A participant's detectable concentrations of PCBs were presented as whole blood values (serum values were divided by a factor of 2) and described as being within the normal range (n = 14, minimum = 0.50 µg/L, no maximum value was given, median = 0.73 µg/L) when compared to Health Canada "Guidelines for PCBs in Humans" for whole blood (Health Canada, 2001) .
A problem exists in Health Canada's blood collection protocol, in that PCB levels were assessed approximately one month after the workers had finished working in the contaminated site. This type of sampling would have missed any pulses of labile and unexpected PCB congeners because serum levels can decrease rapidly, to near ambient levels by 48 hours, depending on the route of exposure (Hansen, 1998) . Furthermore, the workers' contaminant levels were not determined before they began to work in the contaminated area. The lack of a preexposure contaminant measurement makes it impossible to determine whether the person working in the contaminated zone experienced an increase in contaminant body burden while working on the site. The repeated measures approach employed in the present study can detect any pulses of PCBs and on-site uptake of contaminants by workers so that an increase in PCB concentration can be ascertained. The approach we are advocating is based on the precautionary principle. That is, existing scientific data are insufficient to link negative health outcomes (other than dermal and liver function) conclusively to PCBs; nevertheless, it is logical to limit any work activity that increases exposure to and uptake of PCBs. If significant changes in contaminant levels had been found in the present study, we would have recommended modifications in the safety measures employed.
The Government of Alberta's Department of Labour established specific occupational health and safety guidelines for the monitoring of worker exposure and uptake of PCBs at the province's PCB treatment facility at Swan Hills, Alberta (Alberta Labour, 1994). These guidelines described remedial action for several blood-serum PCB levels (note: serum and plasma concentrations are comparable): lower than 10 µg/L, no action required; 10 -29 µg/L, a review of potential sources of PCBs and annual blood retesting; 30 -100 µg/L, immediate blood retesting and, if initial level is confirmed, work task modification (to reduce exposure) and regular monitoring of PCB concentration and liver enzymes; and 100+ µg/L, removal of the worker from the PCB treatment facility and monthly monitoring of PCB levels (Alberta Labour, 1994 ). An important point not specifically addressed is that potential workers with serum PCB levels of 10 µg/L or more should not be considered for employment where there will be exposure to PCBs because their PCB levels are already of concern. All workers in the present study had PCB concentrations in plasma of 5.3 µg/L or lower at the start of their work term (Table 1 ). The importance of measuring PCB levels in personnel before they work on a contaminated site cannot be overemphasized because this protocol will identify people at risk who should not be working in conditions likely to increase their body burden of PCBs. This approach also allows for the tracking of PCB exposure over time, which may be important for identifying unsafe working conditions or protection methods or both.
Partnerships that include both economic and training opportunities are important to FNs (Schell and Tarbell, 1998) . Nonetheless, FNs or other employers have a responsibility to ensure the health of their workers, (ESG, 1999a) . We strongly recommend pre-job and near-end-of-job contaminant monitoring, at the very least, as part of the worker safety protocol for future remediation projects.
